INTRODUCTION
The deuteron is a loosely bound pair of nucleons with aligned spins (spin-1 triplet state). The A small quadruple moment of the deuteron implies that it is not spherical in conˇguration space; i. e., these two nucleons are not in a pure S state of the relative orbital angular momentum, and there is an additional D wave component. These properties of the deuteron give rise to a number of polarization effects in the nuclear reactions involving the deuteron.
First of all, the calculations of the angular dependence of the elastic dp scattering [1, 2] made within the framework of the Glauber multiple scattering theory [3] show that if one would direct the unpolarized deuteron beam onto an unpolarized hydrogen target, the scattered deuterons would be strongly aligned. The source of this effect is the quadruple deformation of the deuteron.
Secondly, a marked tensor analyzing power was observed in the inclusive inelastic reaction A(d, d )X in the region of 4-momentum transfer near |t| = 0.3 GeV/c in the scattering of polarized deuterons with initial momenta of 4.5 and 5.5 GeV/c on nuclei at 0
• [4] . At last, it was shown by Baryshevsky [5] that as particles of spin 1 pass through matter, effects of spin rotation and oscillations may occur. These effects may give rise to polarization of the beam crossing the target. Theˇrst attempt to measure spin dichroism, i. e., occurrence of tensor polarization of an unpolarized deuteron beam by an unpolarized target, was made with deuterons up to 20 MeV in a carbon target [6] . Although the magnitude of the deuteron polarization was not determined precisely, the authors argue that evidence for existence of dichroism was obtained in this experiment.
In this report we describe an experimental investigation devoted to theˇrst attempt to measure tensor polarization of an unpolarized 5 GeV/c deuteron beam after its passing through a carbon target.
EXPERIMENT
The experiment has been performed at an unpolarized deuteron beam extracted from the Nuclotron of JINR. The layout of the experimental equipment is shown in Fig. 1 . In thisˇgure F3, F4, F5 and F6 are the foci of the magnetic The tensor polarization of the deuteron beam scattered at the target T1 at 0
• was determined by means of the second scattering on the 10-cm thick beryllium target T2 placed near F5 [7] . It is known that the reaction d + Be → p + X for proton emission at the zero angle with the momentum p p ∼ 2 3 p d has a very large tensor analyzing power T 20 = −0.82 ± 0.04, which is independent of the atomic number of the target (A > 4) and the momentum of incident deuterons between 2.5 and 9.0 GeV/c [8] .
The secondary particles emitted from the target T2 at 0 • were transported to the focus F6 by means of bending magnets and magnetic lens doublets. The momentum and polar angle acceptances of the setup deˇned by the Monte Carlo simulation were Δp/p ∼ ±2% and ±8 mrad, respectively.
Coincidences of the signals from the scintillation counters placed near the focus F6 were used as a trigger. Along with the secondary protons, the apparatus detected the deuterons from inelastic scattering. The detected particles were identiˇed off-line on the basis of time-of-ight measurements with a base line of ∼ 28 m between the start counters and four stop counters. The TOF resolution (∼ 0.2 ns) allowed one to separate protons and deuterons completely. The quality of the separation is illustrated in Fig. 2 , where left (right) peaks correspond to deuterons (protons). Since the experiment was carried out with beams of considerably different intensities, the question of the linearity of monitors had a dominant role. The examination of the linearity was made in separate measurements with the results shown in Fig. 3 .
The general expression for the invariant differential cross section of the reaction with the polarized deuteron beam has the form [9] Edσ dp (θ, φ) = Edσ dp Here, (Edσ/p) 0 is the invariant differential cross section for the unpolarized beam, and the parameters ρ 10 = 3/2p Z and ρ 20 = 1/2p ZZ are connected with the vector p Z and tensor p ZZ beam polarization components, respectively, in the coordinate system in which the quantization axis coincides with the axis of symmetry. The values iT 11 , T 20 , T 21 and T 22 are the analyzing powers in the representation of irreducible tensors T κq . The angles θ and φ deˇne the direction of a scattered particle, and β is the angle between the quantization axis and the direction of an incident particle. In our case all these angles are equal to zero, which converts (1) to
where the polarized and unpolarized cross sections are referred to as σ and σ 0 , respectively. The ionization chamber placed upstream of the analyzer target T2 served as a monitor. The numbers of protons normalized to the monitor counts detected in exposures with carbon targets of different thickness are shown in Fig. 4 . Here dark points, stars and crosses refer to the 123-, 83-and 40-g/cm 2 -thick carbon targets, respectively, and the light points correspond to the measurements without target T1. The values of these ratios averaged for all the exposures are shown with dashed lines. It is seen that the points corresponding to different target thickness are grouped in different regions of the picture. The spread of the points exceeds statistical errors that are less than point sizes. This spread is likely to be caused by the nonstabilities of currents in the magnetic elements of the beam line. Considerable deviations of the points obtained in the last exposures from the averaged values are due to the fact that the control over the head end of the magnet-optical channel was lost during these exposures.
The possible systematic errors resulting from such current uctuations were estimated in the following way. It is known that the differential cross section of the proton emission at forward angles in the deuteron breakup is a sharp function of the secondary proton momentum [10, 11] . As to the cross section of the A(d, d ) reaction, it has considerably smoother behaviour [12] . Thus, deviations 
Recall that the magnetic channel was tuned to the rated momentum of 3.3 GeV/c. It follows from Eq. (3) that correction factors to proton counts should vary from 1.26 to 0.88 as the proton momentum varies from 3.24 to 3.33 GeV/c. An estimate of the possible systematic error is thus seen to be ±20%. The tensor polarizations P ZZ of the deuterons that passed through target T1 were calculated in accordance with Eq. (2) for each of four channels separately, 
THEORY
On the assumption that the N N scattering amplitude has the form
where q is the momentum transfer, and if one takes a multi-Gaussian representation of the deuteron wave function [13] 
with ψ 0 and ψ 2 deˇned by
where J is the spin operator of the deuteron, in line with the multiple scattering theory [3, 14] , the difference of the total cross sections of the nuclear scattering of deuterons in different spin states (0) and (±1) may be written in the form
where the cross section difference for the N th collision is given by
Here
The parameters R 1 , R 2 , a 1 and a 2 are expressed in terms of constants peculiar to this problem:
where r 2 is the rms radius of a nucleus. Effective numbers for S-and D-states are
where
The following values of the parameters were used in the calculations:
, r 2 C = 5.86 fm 2 , and the constants a i , b i , α i and β i were taken from [13] . The calculated difference of total cross sections of d− 12 C scattering in the deuteron spin states (0) and (±1) turns out to be Δσ = 3.87 fm 2 . It can be shown that the tensor polarization of the deuteron beam arising from this cross section difference is
where N is the number of nuclei in cm 3 of matter with thickness of x cm. The calculation results for our experiment are shown in Fig. 6 by the solid curve.
CONCLUSION
• The tensor polarization of an unpolarized deuteron beam arising as deuterons pass through carbon targets of different thickness was measured.
• The phenomenon of deuteron spin dichroism (deˇned as the spin alignment in an unpolarized beam passing through matter) wasˇrst observed using an extracted unpolarized 5-GeV/c deuteron beam of the Nuclotron.
• A formalism was elaborated to describe the effect observed within the framework of the Glauber multiple scattering theory.
• The calculation results are in qualitative agreement with the experimental data obtained.
• The observed effect can be used to produce spin-aligned high-energy deuteron beams at the sacriˇce of beam intensity.
